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ABSTRACT 
 
High quality kicking technique is the most important aspect of the football player. 
The good technique will increase quality of the game. This study will focus on the 
biomechanics analysis on the ten male Majlis Sukan Negeri Terengganu (MSNT) 
football players as well as to clarify the difference between three types of step run 
using kinematic variables and electromyography analysis. Electromyography data 
management and analysis are using Origin Pro 8.5.1 software and the statistical 
analysis carried out by using the ANOVA analysis. In order to observe the kicking 
motion experiment, the subjects will perform the instep kicking on the plane of 
activity in the laboratory. The image of the instep kicking was shot using high speed 
camera (250Hz). The subject tried to kick a ball at their full strength for each kick, 
namely the one step kick, two step kick and three step kick. The results indicate that 
there was no great difference in performance between the  muscle of Quadriceps and 
Hamstring to the pairing of the three types of step run, though muscle discharge of 
the Calves and Tibialis Anterior show greater values in the group of pairing the three 
type of step. Image of the instep kicking was captured during the study and is useful 
to get the data of the kicking action for the kinematic variables. In this context, 
kinematics variable can be determine such as leg velocity, ball velocity, ball 
deformation, coefficient of restitution (COR) and force by leg.  Based on the 
investigation with same leg velocity after impact which is 16 m/s, the highest force 
for leg is 5378.95N and the highest ball velocity is 23.07 m/s. The maximum ball 
deformation and coefficient of restitution noted as 0.018m and 0.86. These finding 
led to the conclusion that in a comparison between the kicking, three steps run 
demonstrates higher kinematics variables value compared to the one step and two 
step of kick.  
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ABSTRAK 
 
Teknik menendang yang adalah aspek yang paling penting pada pemain bola sepak. 
Teknik yang baik akan meningkatkan kualiti permainan. Kajian ini akan memberi 
tumpuan kepada analisis biomekanik pada sepuluh pemain bola sepak daripada 
Majlis Sukan Negeri Terengganu (MSNT) dalam mengkaji perbezaan di antara tiga 
jenis langkah sepakan menggunakan analisis data kinematik dan data 
Electromyography. Perkiraan data dan analisis data Electromyography menggunakan 
Origin Pro 8.5.1 perisian dan analisis statistik dengan menggunakan teknik analisis 
ANOVA. Untuk menjalankan kajian pergerakan sepakan, subjek akan menggunakan 
sepakan kekura kaki di atas pelantar aktiviti di dalam makmal. Gambar pergerakan 
sepakan kekura kaki diambil dengan kamera berkelajuan tinggi (250Hz). Subjek 
akan menendang bola pada kekuatan maksimum mereka untuk setiap sepakan, iaitu 
satu langkah sepakan, dua langkah sepakan dan tiga langkah sepakan. Hasil kajian 
menunjukkan bahawa tidak ada perbezaan yang dalam aktiviti pergerakan antara otot 
Quadriceps dan Hamstring pada dalam ketiga-tiga jenis langkah sepakan, namun 
terdapat perbezaan besar dalam aktiviti pergerakan otot di antara otot Calves dan 
Tibialis Anterior dalam tiga langkah sepakan. Gambar pergerakan spekan kekura 
kaki yang diambil semasa kajian boleh diguna dalam menentukan data-data 
kenematik. Dalam konteks ini, pelbagai data kinematik dapat ditentukan seperti 
halaju kaki sebelum dan selepas sepakan, kelajuan bola selepas sepakan, perubahan 
bentuk bola dan pekali restitusi (COR). Berdasarkan kajian dengan menetapkan 
halaju sebelum sepakan yang sama iaitu 16 m/s, daya sepakan yang paling tinggi 
oleh kaki yang dihasilkan adalah 5378.95 N dan halaju paling tinggi bola selepas 
sepakan adalah 23.07 m/s. Sementara itu, perubahan bentuk bola tertinggi dan pekali 
restitusi tertinggi yang dihasilkan adalah 0.018m dan 0.86. Hasil kajian dapat 
disimpulkan bahawa sepakan dengan tiga langkah akan menghasilkan nilai data 
kinematik yang lebih tinggi berbanding dengan satu langkah dan dua langkah.  
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
The football game is one of the favourite sports to millions of people in this 
people. The games give huge enjoyment to those who are watching or playing the 
game of football. The World Cup or in big league in Europe, the football games will 
increase the human emotions and feeling in any situation. The football game required 
a skilful play in control, which are normally trained at different levels of training 
programs but skill are very difficult to learn. Football are includes many skills such 
as control play, counter attack, running, dribbling, passing and kicking which are 
commonly done by the football players during the hole game. When investigating the 
complex system of muscle actions during the game of football, the kicking motion 
apparently situated in a place of important matter. A football player tries to show 
different stage of speed and direction of the ball with high level of accuracy in the 
implementation of this skill. According to football, the football kicking motion is 
likely more to finding the biomechanics and kinematics variable. Many researchers 
dedicated their time to study the complex kicking motion of football by examining 
the relevant biomechanical variables. This kinematic revisions about the position of 
non kicking leg position and joint angles (Burdan, 1955 and Togari, 1972) and also 
the positioning and angular movements of the foot at ball contact and kicking leg 
(Aitchison and Lees, A. 1983) or previously ball contact (Roberts and Metcalfe, 1968 
Copper , 1982) for successful kicking. The studies also show that there is connection 
between the swipe velocity of the kicking limb, striking mass at impact and the ball 
velocity (Plagenhoef, 1971). Kicking is run by the muscle action of single player 
(Rodano and Tavana, 1993) and dissimilar levels of players have a different swipe 
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motion kinematics (Togari, 1972). A few study on the effect of different approach 
angle on ball velocity confirmed that different angled approach will creates greater 
ball velocity compared to a straight to the ball approach (Plagenhoef, 1971, Asai 
1980).  
 
1.2 STATEMENT OF THE PROBLEM 
 
The main purpose of this study was to investigate the kinematics variables of 
kicking motion in football and to determine the effect of different type of step by 
perform instep kick. The investigation project also observed the relationship amongst 
the different type of step with the anthropometry data and electromyography data. 
 
1.3 PROJECT OBJECTIVE 
 
Basically, this thesis would be done to fulfil the following objective: 
i. To investigate the leg muscle activation with different step run using 
the Electromyography (EMG). 
ii. To investigate the kinematics variable such as leg velocity and ball 
velocity during the kicking motion. 
iii. To determine the effect of different step run with the anthropometry 
data. 
 
1.4 SCOPE OF PROJECT 
 
i. The ability of this study is only to execute football kicking motion. 
ii. The subject's kicking motion was recorded by using the high speed 
camera in the laboratory. 
iii. The experiment in a laboratory setting. 
iv. Ten male football players of Majlis Sukan Negeri Terengganu 
(MSNT) between the ages 15 - 17 years. 
v. Type of step run is one step run, two step run, and three step run. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
The previous literature review exhibit many texts and articles that described 
the human performance involving all aspects of human activities such as walking, 
running and kicking. Generally investigations conducted in this area focussed on 
kinematic, kinetic and electromyography analysis of different skills levels of sports 
and non-sports persons. The region of research in sports biomechanics deals with 
kinematic analysis of relevant sports technique. The review of related literature is 
arranged under the following headings, (a) Kinematics of kicking (b) Kinematics of 
instep kick, (b) Electromyography and Videography and (c) Summary of all 
literatures. 
 
2.2 KINEMATICS OF WALKING AND RUNNING 
 
The systematic investigation of human walking is known as gait analysis and 
without any doubt this gait has been observed ever since man evolved. Though early 
studies were mainly confined to general observation, it was Borelli in 1682 who 
became the first person to study the human gait in a truly scientific manner (Whittle, 
1993). Since then numerous papers have been published on this particular area. 
Human gait consists of two modes: walking and running (Winter, 1991 Enoka, 
1994). One complete gait cycle (foot contact to foot contact of the same foot) is 
called a stride and one half cycles is known as a step. During support phase of gait 
cycle, the foot is in contact with the ground while in the swing phase, the foot is off 
the ground (Whittle, 1993; Enoka, 1994). Hay (1993) described that in running 
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events the primary objective of an athlete is to cover a set distance in the least 
possible time.  
 
Running speed depends on stride length and stride rate/ frequency (Vaughan, 
1984; Hay, 1993). The running speed increases when stride length remains constant 
and stride rate increases. Similarly, if stride rate remains constant then stride length 
increases resulting increase in speed (Enoka, 1994). The stride length is again related 
with the range of motion about a joint (quantity) and the pattern of displacement 
(quality). As the runner goes from a walk to a run the angular displacement about the 
knee joint increases. Stance phase of gait includes both flexion and extension during 
walking and running but only extension in sprint. Likewise, the range of motion 
about both shoulder and elbow joints also increases as a person goes from walk to a 
sprint (Vaughan, 1984). 
 
2.3 KINEMATICS OF KICKING 
 
Kicking is necessary to be one of the fundamental movement skills which 
human being utilises in various games and sports including football. Good kicking 
technique is an important aspect for a football player. Therefore, understanding the 
biomechanics of football kicking is particularly important for guiding and monitoring 
the training process (Kellisand, E. and Katis, A. 2007). The kicking motion can be 
considered as a slight change of walking and running motion. It disagrees from 
walking and running in that the swinging of the kicking leg rather than the 
supporting leg generates the primary force of the kick. Kicking is the defining action 
of football, so it is appropriate to review the scientific work that provides a basis of 
our understanding of this skill (Lees, A.; Asai, T.; Andersen, T.B.; Nunome, H. and 
Sterzing, T. 2010). Since the beginning of the scientific research on football game 
kicking has been regarded without doubt the most widely studied skill. Football 
experts, coaches and physical education teachers have been extensively investigating 
better ways and means for teaching successful kick in football (Barfield, 1995; Lees, 
A. 1996). In order to execute technically and mechanically correct kick, some of the 
important factors should be given an emphasis.  
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Figure 2.1: Instep Kick in football ( Plagenhoef, 1971) 
 
(A) The trunk and kicking leg revolve about the left hip and obtain a fuller back 
position of the right thigh, (B) The trunk and thigh rotate as one segment, until the 
full knee bend is reached, (C) Pointing of the thigh at the ball during the fast swing 
of the kicking leg, (D) Position of the non-kicking foot in relation to the ball and firm 
foot at impact, (E-G) The high follow-through 
 
As described in the Edinburgh Napier University (Lees, A.; Asai, T.; 
Andersen, T.B.; Nunome, H. and Sterzing, T. 2010), a kicking technique can commit 
into (a) the approach, (b) the support leg and pelvis, (c) the kicking leg, (d) the upper 
body. The biomechanics of kicking in the football sport is particularly important for 
guiding and monitoring the training process. Studies in the biomechanics of kicking 
have been focusing on numerous variables in different populations; all seek for the 
establishment of the optimal variables or variables that might be most predictive of 
success in instep kicking, with success being most typically defined by resultant to 
the ball velocity. Biomechanical techniques can be used for any sports and football in 
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particularly, useful to define the characteristics of skills, to gain the ground of the 
mechanical effectiveness of their execution and to identify the factors under laying 
their successful performance. This knowledge and understanding can assist to 
enhance the learning and performance of those skills.  
 
Ismail, A.R.; Ali, M.F.M.; Deros B.M. and Johar, M.S.N.M. (2010) has 
described that in order to perform the kicking technique, kick a ball with the 
maximum velocity, the linear velocity of the kicking foot upon impact must be at the 
maximum. The dynamical mechanism of the kicking motion must be clarified to 
better understand the mechanism to produce the maximum velocity of the kicking 
foot. In the execution of the kick the striking leg is first taken backwards and leg 
flexes at the knee. The forward motion is initiated by rotating around the hip of the 
non-kicking leg and by bringing the upper leg forwards. The leg is still flexing at this 
stage. Once this initial action has taken place the upper leg begins to decelerate until 
it is essentially motionless at ball contact. The leg remains straight through ball 
contact and begins to flex and foot often reaches above the level of the hip during the 
long follow-through. Some researcher (Kellisand, E. and Katis, A. 2007) agreed that 
for successful football kick depends on various factors including the distance of the 
kick from the goal, the type of kick used, the air resistance and the technique of the 
main kick which is best described using biomechanical analysis.  
 
A study by (Hideyuki et al, 2009) examined the factors affecting the ball 
velocity and rotation for side-foot soccer kick using a numerical investigation. The 
theoretical equations of the ball velocity and rotation were deriving based on impact 
dynamic theory. Using the theoretical equations, the relationships of the ball velocity 
and rotation to the attack angle and impact point were obtained. The validity of the 
theoretical equations was verified by comparing the theoretical relationships with 
measurement values. The ball deformation and impact force were calculated three-
dimensionally using Ishii and Maruyama’s (2007) methods. In Fig. 2, the ball 
deformation   in the normal direction to the contact surface was calculated by 
subtracting the distance between the centre of the ball and contact point from the 
radius of the ball. The absolute magnitude of the impact force |Fb| is expressed in the 
following equation by applying the Hertz contact theory (Greszczuk, 1982; 
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Timoshenko and Goodier, 1970). The force produce by the leg was calculated using 
equation (1) below 
 
F = m (foot) 




 
timeContact
finalfootVinitialfootV )()(
                      (1) 
 
A group of studies, Sakamoto, K.; Hong, S.; Tabei, Y. and Asai, T. (2012) 
observed from their investigation that the population of female players is increasing 
worldwide, and it is necessary to determine the technical characteristics of female 
players and the training methods suitable for them. It is important to instruct them 
how to impact the ball near the foot's centre of gravity under a variety of conditions. 
Moreover, the female players exhibited lower inclination of hip and thigh 
immediately before the impact compared to the male players. Because differences 
gender may affect kicking performance, the competitiveness of female players may 
be enhanced by providing training and coaching that is adapted to their 
characteristics. Accordingly, the study was designed to compare the ball impact and 
swing motion kinematics between female and male football players to deepen the 
knowledge of the mechanical and technical characteristics of female players.  
 
From the studies on curve ball kicking (Ozaki, H. and Auki, K. 2007) there 
are two types of curve kicks are seen in football. One is a kick in which the player 
attempts to rub the ball with the toe trying to keep in contact with the ball as long as 
possible also called the usual curve kicks. This is frequently described in common 
tutorial manuals. The second is a kick in which the ball is spun by the angle of attack 
which is made by the swing direction of the kicking foot and the direction of the 
impact surface also called the angle curve kick. No studies have determined the 
difference of these two types of kicking. In a football sport, curve kick purposely 
spins a ball so that its rotation can be changed. It is one of kicking technique that 
usually applied in set play.  The technique of a curve kick which is usually used in 
set play has going to be a focus of research interest for the above study. 
 
The development of velocity in kicking leg at impact has been found to be the 
important in football kicking. The contributing factors to the swing velocity of the 
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kicking limb at the time of instep kick are linear velocity of hip rotation as the kick 
begins, forceful hip flexion followed by extension of knee (Grunda, T. and and 
Senner, V. 2010). The studies by Ismail, A.R.; Ali, M.F.M.; Deros B.M. and Johar, 
M.S.N.M. (2010) also agreed that the powerful kicks are achieved through a high 
foot velocity and coefficient of restitution. The hip action makes an important 
contribution in the early force producing phase of the kick. As the thigh is swung 
forward by hip flexion, leg begins to rotate and carries the leg and foot with it. The 
knee extension starts the moment thigh past the perpendicular and become primary 
contributor in the final force-producing phase of the kick. 
 
The velocity of kicking leg is determined by the knee extension and hip 
flexion, although the latter action does not occur on impact pelvic rotation may be 
acting at the time of contact. However there is little or no hip action in the final 
phase. The ankle action of the kicking foot is used to position the foot for impact. 
The investigation conducted by Ozaki, H.; Ohta, K. and Jinji, T. (2012) reported that 
in full instep kick as the kicking foot took off the groin pelvis started rotating 
backward and tilted left ward. To kick a ball with the maximum velocity, the linear 
velocity of the kicking foot upon impact must be at the maximum. The investigation 
conducted by Ismail, A.R.; Ali, M.F.M.; Deros B.M. and Johar, M.S.N.M. (2010) 
reported that the variables was identified to be significant to the force model besides 
succeeded to obtain the force equation model. Through readings gathered from the 
Taguchi's method the researcher managed to get the optimum kicking value. Based 
on the findings, the velocity and distance was identified to be significant with the 
force model. The highest average force of kicking is 5879.60N, while the highest 
average ball velocity is 8.2m/s with distance covered by the ball until 47.85m. From 
Taguchi's method, the optimum distance and velocity namely respectively as much 
as 0.163m and 8.035m/s can give the highest optimal force to the reading of 
5602.12N. These studies found that the highest optimum force achieved from the 
three steps run. In three step run, the optimum distance and velocity respectively to 
give the optimal force. Success of an instep footballer kick rely on various factors 
including the distance of the kick from the goal, the type of kick used, the air 
resistance and the technique of the main kick which is best described using 
biomechanical analysis. The distance, velocity and angle levy kicking are the 
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important parameters involved in the kicking activities where it can contribute to the 
high impact of kicking effectiveness. 
 
Ability to kick with increased velocity is, dependent on the length of the lever 
arm of kicking limb (Grunda, T. and Senner, V. 2010) and development, summation 
and application of force (Carstensen, J.C.; Krupop. S. and Gerndt, R. 2011). The 
lower leg and the part of the foot between the ankle and the point of impact form the 
lever utilised in kicking. During the kicking ball, the length of the arm and the length 
of the lever are increased through extension of the lower leg prior to impact with the 
ball. The moment arm is that line which is perpendicular to the axis and to the 
direction of desired application of force. The length of the moment arm is 
approximately the distance from the knee to the point of impact. Moment arm length 
will differ on the length of the individual's body segment and the position of the body 
segments at the time of impact. Considering all other factors equal, the potential 
linear velocity at the end of the lever is increased when the length of the moment arm 
is increased. Since the length of the moment arm is partially dependent on the length 
of the lever, increasing the length of the lever increases the potential linear velocity 
at the end of the lever. Although the above studies showed high relationship between 
the muscle strength and performance, however there are also other factors, which 
contribute to successful kicks. These factors are appreciated from a consideration of 
the relationship between foot and ball velocity before and after impact with the ball 
(Lees, 1996). By considering the mechanics of collision between the foot and ball, 
the velocity of the ball can be stated 
 
as:    V(ball) = V(foot 







)(
)1).((
mballMleg
eMleg
                (2) 
 
Where V = velocity of ball and foot respectively, Mleg = mass of the leg, mball = mass 
of the ball and e = coefficient of restitution. 
 
which is    e = 





u2-u1
v1-v2
                               (3) 
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Where v1 is the final velocity of the first object after impact, v2 is the final velocity of 
the second object after impact, u1 is the initial velocity of the first object before 
impact, and u2 is the initial velocity of the second object before impact. 
 
A different equation to describe the velocity of the ball after foot impact was 
developed by Bull-Andersen et al. (Bull-Andersen et al., 1999) 
 
V(ball) = 
2.
)1(1.
rmballI
euI


                    (4) 
 
Where Vball = velocity of the ball, I = the moment of inertia of the shank-foot 
segment about the knee joint, u1 = velocity of the foot before impact, e = the 
coefficient of restitution, mball = the mass of the ball and r2 = the distance between the 
knee joint and the centre of the ball as well as the distance between the knee joint and 
the point of contact on the foot (the length r is the same between these points). 
 
  
A group of researcher, (Tanaka, Y.; Shiokawa, M.; Yamashita, H. and Tsuji, 
T. (2006)) conducted a research about an analysis tool of kicking motion in football. 
They reported that they developed tool can calculate kinematics, dynamics, and 
manipulability of trainee's movements with considerations of human physical 
characteristics from the trainee's postures measured by a motion capture system, and 
can visually provide the quantitative analysis to users in the main window of the tool. 
The effectiveness of the proposed approach is verified through basic experiments 
with skilled and unskilled subjects in football. The tool starts to compute joint angles 
in a human model of the whole body expressed by the combination of multi joint 
links from the measured data by the motion capture system. The analysis results are 
then presented with the animation of measured human motion on the feedback 
viewer so that users can instinctively understand time-variant properties of kicking 
motion. Analysis of kicking motion was conducted along the proposed approach with 
two skilled subjects in football (Subject A: aged 21, height 170cm, weight 68.0kg; 
Subject B: aged 22, height 173cm, weight 65.0kg) and two unskilled subjects 
(Subject C: aged 23, height 175cm, weight 72.0kg; Subject D: aged 22, height 
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179cm, weight 60.0kg). The experimental apparatus for measuring the kicking 
motion, in which Vicon (Oxford Metrics; sampling frequency: 120Hz) was employed 
to capture rapid movements of subjects. The subjects were asked to kick a ball 
forward by their instep within two strides from the initial position because of the 
measuring range of the motion capture, in which the approach angle φ was fixed at 
about 30°. In the experiment, 28 markers were attached on the whole body of the 
subject so that all joint angles can be calculated from the 3D positional information 
of the markers.  
 
The present paper developed the analysis tool of kicking motion in football 
just by using captured postures that can provide the effective and efficient training 
information with trainees as well as coaches. The experiments were conducted to 
investigate the kicking motion in football with regard to the skilled and unskilled 
players and showed the following major points as both the lower and upper torsos are 
equally important in football kicking, Manipulability increases to maximize the end-
point velocity at impact and the force manipulability of the lower extremities 
increases around the transmitting period of rotational energies of the body.  
 
In the study conducted by Ghochania, A.; Ghomshe, F.T.; Nejad, S.K.A.R. 
and Rahimnejadd, M. (2010) reported the analysis of torques and forces applied on 
limbs and joints of lower extremities in free kick in football. The aim of this study is 
to analyse forces and torques applied on joints and limbs of lower extremities in free 
kick in football and to understand the relationship between these forces and moment 
and injuries in lower extremities in free kick and therefore to help in preventing 
injuries while having good performance in efficient kicks. In this research, lower 
extremity one-side 2-Dimentional kinematical analysis. Video recording was in 
digital plane by use of infrared camera with frequency of 250 Hz was used. As was 
considered in graphs, maximum velocity and acceleration of toe and ankle are at the 
instant of contact of foot with ball. Maximum rotational velocity of shank is at this 
time, too. Thigh and ankle reach the maximum rotational velocity before shank as, 
toe reaches its maximum rotational velocity just before stroking. Maximum 
acceleration of toe centre of gravity (COG) in x direction is at the moment of contact 
between toe and ball. 
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A few studies have investigated the effect of approach angles on ball 
velocities in football. Moudgil (1967) compared two styles of instep kicking, the 
straight and the pivot approach, through the use of electrogoniometry. He found a 
significant difference between the two angles. The pivot instep kick generated a 
higher average ball velocity of 21.93 m/s than the straight instep kick, which 
generated a ball velocity of 18.94 m/s. 
 
2.4 KINEMATICS OF INSTEP KICK 
 
Success of an instep football kick is an important aspect of a football player. 
Therefore, understanding the biomechanics of football kicking is particularly 
important for guiding and monitoring the training process. The game of football is 
one of the most popular team sports worldwide. Football kick is the main offensive 
action during the game and the team with more kicks on target has better chances to 
score and win a game. For this reason, improvement of football instep kick technique 
is one of the most important aims of training programs in young players. Success of 
an instep football kick depends on various factors including the distance of the kick 
from the goal, the type of kick used, the air resistance and the technique of the main 
kick which is best described using biomechanical analysis. The previous literature 
review shows that most of the research focused their studies only on the 
biomechanical characteristics of instep football kick.  
 
The effective striking mass is the mass equivalent of the striking object and in 
this case the leg which relates to the rigidity of the limb (Plagenhoef, 1971). To 
achieve optimal performance in kicking striking the ball as near to the ankle as 
possible rather than behind is also very important (Barfield, 1996). The term 
Mleg/(Mleg+mball) in equation (2) indicates the rigidity of impact and relates to the 
muscle involved in the kick and strength at impact. The term (1+e) relates to the 
firmness of the foot at impact. Because the ball is on the ground, the foot contacts the 
ball on the dorsal aspect of the phalanges and lower metatarsals. 
 
Plagenhoef (1971) conducted a research with a single subject in order to 
measure the quantity of striking mass. He reported that the instep kick taken from a 
